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Description 



The present invention relates to an apparatus and 
to a method for identifying items through transmission 
and receiption of signals according to the preamble of s 
claims 1 and 6, respectively. (EP-A-161 779) 

Generally, this invention relates to a method and ap- 
paratus for tracking and identifying physical objects, and 
more particularly to radio frequency identification and 
tracking systems using product tags having built-in radio io 
frequency transceivers. 

A number of systems are known to exist that aid in 
the identification and tracking of physical objects in var- 
ious environments. For instance, (1) Optical barcode 
readers are typically used in supermarkets to track prod- is 
uct movement. (2) Optical character recognition systems 
are used in some department stores for the same pur- 
pose. (3) Magnetic stripe readers are commonly used to 
identify bank cards in automated teller machines. (4) So- 
phisticated security systems make use ol voice recogni- so 
tion to identify humans. (5) Radio Frequency Identifica- 
tion {'RF/ID') offers another approach to automatic iden- 
tification and tracking. 

Historically, RF/ID systems have used one of two ra- 
dio communication techniques. One type of system has ss 
used passive RF reflectors, and the other type has used 
magnetic couplers. 

In the passive systems. RF-reflective "tags" are af- 
fixed to the products to be identified or tracked. When 
the products are positioned within sufficient range of an 30 
RF source, the tags are energized by the incident RF 
energy The illuminated tags reflect a portion of the RF 
back to a receiver, modifying some aspect of the RF in 
the process. The product Is identified by the manner in 
which the incident RF energy is modified upon reflection. 3S 

The passive reflector tags of the prior art have sev- 
eral inherent limitations. The signal-to-noise ratio of the 
resultant identification signal is dependent upon the in- 
cident power level of the illuminating RF source, the ge- 
ometry of the reflector and the efficiency of the modula- -fo 
tion and reflection process. It is therefore common for 
the identification signal to be substantially weaker (e.g., 
100 dB weaker) than the illuminating signal. Thus, very 
strong illuminating signals are required for the process 
to work even over limited ranges. Accordingly passive 
reflector systems require directed illumination rather 
than omnidirectional illumination to achieve reasonable 
ranges. Omnidirectional illumination is generally pre- 
ferred because it does not require prior knowledge of the 
location of the tag with respect to the illuminating source, so 

Additionally, the communication process of a pas- 
sive reflector is fundamentally one-way The purpose of 
the illuminator is not to communicate any information to 
the tag, but only to provide a source of activating energy 
There is no method for "handshaking" between the prod- ss 
uct tag and the central system to verify that the proper 
identification has been made. 

The third disadvantage of passive reflector tags of 



the prior art is their inability to dynamically store data. 
The interrogator of such a system has no means to dy- 
namically write data into the tag tor later re-transmission 
by (he tag. Effectively, the tag becomes a mere static 
identifier for the attached item. Such tags lack the capa- 
bility to change characieristcs appropriate to the dynam- 
ic environment of the tags. 

In systems using magnetic coupling, radio tags are 
energized by movement through a magnetic field, and 
the energized tags transmit magnetically-coupled ener- 
gy back to the interrogator unit. Am altemating fiekj gen- 
erated by an Induction coil may be employed to generate 
the requisite energizing magnetic field for this system. 
This communication is typically transmitted at very low 
frequencies ('VLF'). 

Magnetically-coupled radio tags are inherently re- 
stricted to close-range communications. This is due to 
the coupling inefficiency of small kDOp antennas (neces- 
sitated by the tag size) at VLF frequencies. 

The EP-A-161 779 discloses a method for identify- 
ing and tracking items, wherein a transceiver tag is as- 
sociated to each of the items to be tracked, an interro- 
gation signal is transmitted to the transceiver tags, iden- 
tification signals are selectively transmitted from the 
transceiver tags, the identificatkjn signals are received, 
a verification signal is transmitted and, if the tag identi- 
fy ing signal is not foltowed immediately by a tag acknowl- 
edgment signal that is recognized by the tag. the tag con- 
tinuous repeatedly to send a tag identifying signal. Ac- 
cording to this document tags continuously transmit sig- 
nals without any reference or correlation to what other 
tags are doing. 

The present inventksn provides an apparatus and a 
method for identifying items through transmission and 
receiption of signals, comprising the features of claims 
1 and 8, respectively. 

To overcome the limitations of the prior art RF/ID 
systems, the method and apparatus of the present in- 
vention includes radio frequency reception and trarismis- 
sion capability at both the tag end and at the interrogation 
end of the system. Communication via active optical, in- 
frared, UV, magnetic and acoustic media could also be 
used in accordance with the present inveniksn. The 
method and apparatus of the present invention uses 
handshaking to verify the receipt of correct information 
from each individually tagged Item. In accordance with 
the present invention, spatial, polarization, lime and fre- 
quency diversity methods may be employed to over- 
come the limitations of mullipath or multiple-device Inter- 
ference in the radio tag environment. The method and 
apparatus of the present invention use a intentional cel- 
lular communication range restriction to assist in the lo- 
cating of said tags. In accordance with the present In- 
vention a MESFET front end is coupled to a super-re- 
generative receiver. This electronic circuit configuration 
substantially reduces Interference normally associated 
with super-regenerative receivers and permits the use of 
Inexpensive super- regenerative receiver technology in 
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the congested environment of closely associated radio 
tags. In accordance with the present invention some 
characteristic of the intentional radiation (e.g., phase, 
time-of-arrival. angle-of-arrival) is used to determine the 
location of the tag relative to the interrogator within a cell. 
The method and apparatus of the present invention also 
increases the robustness of communications by han- 
dling situations in which signals from individual tags are 
time-coincident at the interrogation end. 

Description of the Drawings 

Figure 1 is a block diagram of the radio tag subsys- 
tem of apparatus in accordance with the present inven- 
tion. I 

Figure 2 shows the use of multiple interrogators in 
a cellular tag tracking system, in accordance with the 
present invention. 

Figure 3 is a block diagram of the f^ESFET front end 
of the tag receiver shown in Figure 1 . 2i 

Figure 4 is a schematic diagram of the micropower 
wake-up circuit shown in Figure 1. 

Figure 5 is a block diagram of interrogator subsys- 
tem of apparatus in accordance with the present inven- 
tion. 2i 

Figure 6 is a Howchart of the Batch Collection Pro- 
tocol as implemented in the interrogator subsystem of 
Figure 5. 

Figure 7 is a ftowchart of the Batch Collection Pro- 
tocol as implemented in the radio tag subsystem of Fig- 3o 
ure 1. 

Figure 8 is a timing diagram showing the operatton 
of the random delay process. 

Figure 9 is description of the preferred data format 
for communications between the tag and interrogation 3S 
subsystems in accordance with the present invention. 

Figure 10 is a functional block diagram of one em- 
bodiment of a linear recursive sequence generator in ac- 
cordance with the present invention. 

40 

Description of the Preferred Embodiment 

Referring now to Figure 1, a block diagram for ap- 
paratus in accordance with the present inventbn is 
shown. Two major types of subsystems comprise the ap- 
paratus: the tag transceiver subsystems 8, 120, 130, 140 
and the interrogator subsystem 7. The tag transceiver 
subsystem 8 is comprised of a receiver 1 to capture and 
demoduiaie the signal 10 from the interrogator 7 and a 
transmitter 3 to modulate and emit the signal 99 back to so 
the interrogator 7. Further comprising this tag are a mi- 
crocomputer 2. whch processes data from the received 
signal, applies batch collection protocol to verify commu- 
nications and controls the transmitter 3; a power source 
6; an optional display 5; and a micropower wake-up cir- ss 
cuit 4. The wake-up circuit 4 keeps the tag in a very low 
power state until a predefined wake-up signal is heard. 
The display 5 can be used to provide status information 



about the identification or tracking process, or to display 
other messages to personnel viewing the RF tag 1. 

Referring now to Figure 2. multiple interrogators 
may be positioned and networked to create a cellular re- 
» ception environment, interrogators 10. 101. 102, 103 lo- 
cated in each of the cells 15, 12. 13, 14 communicate 
with a computer 11 via a network 110 ol conventional 
design (wired-line, optical fiber, radio link, etc.). and also 
with all of the radio lags located within the communlca- 
? lion cell of that interrogator. The cells 1 2, 1 3, 1 4, 1 5 cor- 
respond with the communication radius of the interroga- 
tors 101. 102, 103, 10, respectively. An array of these 
interrogator communicatbn cells placed strategically 
around a facility provides the necessary communications 
' structure to communicate with alt of the tags located in 
the facility. As the identifying signal from each tag is 
heard, the corresponding interrogator communicates the 
kJentification code to the monitoring computer, thereby 
identifying not only the tag. but the approximate location 
' of the tag as well. If only identification information, and 
not location infomnation, is required, a single cell system 
without a computer 11 or network 110 may be used, in 
accordance with the present invention. 

Referring now to Figure 1 and Figure 3. any type of 
receiver and transmitter can be used in accordance with 
the invention (e.g., infrared, acoustic, RF. optical, mag- 
netic). In the preferred embodiment RF at VHF is used. 
A receiver module 1 comprising a conventional superre- 
generative receiver 22 coupled to a MESFET front-end 
21 and a conventional on/off keyed AM transmitter 3 are 
used. Also, any type of microcomputer 2 can be used as 
long as the speed of the processor is sufficient to process 
the data and implement the necessary batch collection 
protocol. In the preferred embodiment, an 8-bit micro- 
controller is employed. 

In the preferred embodiment, the tag receiver 1 is a 
modified superregenerative receiver. The modification is 
shown in Figure 3 and involves the addition of an FET 
(field-effect transistor) front end 21 to a superregenera- 
tive receiver of the standard variety 22. Without the use 
of the FET front-end. the superregenerative receiver 
would emit an RF signal (noise) back into the environ- 
ment via the directly-connected antenna and would in- 
terfere with the reception capabilities of other close-prox- 
imity tags. FET circuits characteristically have extremely 
high reverse signal isolation, so the use of a FET front 
end substantially reduces leakage of RF and quench en- 
ergy from the receiver and at the same time increases 
the sensitivity of the receiver. As a result, this design in 
accordance with the present invention permits the use 
of an inexpensive receiver design, such as a superre- 
generative circuit, in the demanding network environ- 
ment of radio tag communicattons. 

Referring now to Figures 1 and 4, to increase the 
service life of the power source 6. which is typically a 
small banery, the receiver module 1 in the tag subsystem 
8 normally remains in a quiescent low-power state for ail 
but a small fractbn of the time. During the small time in- 
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lervals that the receiver module 1 in the tag subsystem 
9 is activated, the energizing power from the wake-up 
module 4 allows detection of the wakeup signal arriving 
from the interrogator 7. ff no such signal is detected, the 
lag receiver subsystem S continues its sleep/wake cycle 
by returning to the (ow-power state. If, however. RF en- 
ergy from the interrogator 7 is detected, the tag subsys- 
tem 5 changes to full power mode to prepare for com- 
munication with the interrogator 7. 

Referring now to Figure 1 and Figure 4, in the pre- 
ferred embodiment, the micropower wake-up circuit 4 
uses an extremely low-drain astable oscillator to strobe 
energy to the receiver. The design of the wake-up circuit 
4 is based on a programmable opamp 30 used in an ex- 
tremely-tow power mode. In the preferred embodiment, 
a 50 megohm current-set resistor 31 is employed. 
High-speed switching diodes 32. 33 are configured in a 
quasi anti-parallel mode to provide a highly assymetric 
{low duty cycle) wakeup waveform. Resistors 37 and 38 
are used to bias op-amp 30 at a level one half of the sys- 
tem voltage level. Resistor 34 and capacitor 35 are se- 
lected to provide an oscillator which is active for a short 
period (approximately 1 millisecond in the preferred em- 
bodiment) and inactive for a long period (approximately 
1 second in the preferred embodiment). The oscillator 
signal then strobes a pair of high source-current logic 
gates 36, 37, which can then cleanly power the rest cl 
the receiver circuit. 

The resulting power strobe circuit of Figure 4 has the 
ability to source the current (10 milliamps) necessary to 
power the receiver circuit, yet itseil draws only 2 micro- 
amps on average during the 99 msec, that the receiver 
is not active. 

Referring now to Figure 5, the interrogator appara- 
tus consists of a receiver 50, a microcomputer 51, a 
transmitter 52. memory 53, and optionally a display 54. 
optional keypad 55. modem 56 and cable interface 57. 
All of these components are conventional in design ex- 
cept possibly for the receiver 50. The receiver 50 may 
be either of conventional superhetrodyne design or may 
be an FET-modified superregeneraiive receiver such as 
described in connection with Figure 3. 

Various techniques may be employed in accordance 
with the invention to improve the robustness of the com- 
munication against signal multipath and other interler- 
ence. Example techniques include antenna diversity, fre- 
quency diversity, polarization diversity, and time diversi- 
ty. In the preferred embodiment, a combination of anten- 
nas 59, 60, 61 employing both polarization diversity and 
spatial diversity are used in the front end module 58 to 
the receiver 50. 

A second mode of signal enhancement that may be 
employed in the interrogator apparatus is parameter en- 
hancement. For instance, effective transmission power 
may be enhanced through the use of repeater apparatus, 
and other apparatus may be used to determine the di- 
rection and range from a repealer to a tag. To implement 
the repeater enhancement, certain relay units rebroad- 



cast a tag signal to a more distant interrogator unit that 
has a particular association with that particular tag. Such 
a system Increases the effective range between tags and 
their associated interrogators. The ranging and direc- 
s tion-flnding enhancements may be implemented by em- 
ploying acoustic transducers in one path of the two-way 
link between the tag and the interrogator. Acoustic waves 
propogaie much wore slowly than do electromagnetic 
waves and therefore can be used for more accurate 
10 short-range location using conventional echo-location 
techniques. In addition, multiple acoustic beams may be 
used to provide direction measurement using conven- 
tional triangulation techniques. 

Referring now to Figures 6, 7 and 8, in accordance 
'5 with the invention, a batch collection protocol or method 
is employed to handle situations in which-multiple tag 
subsystems respond simultaneously to the presence of 
RF energy from an interrogation subsystem 7. 

Many common applications ol the present invention 
20 would not require constant interrogation of all tags within 
radio range of the interrogator 7. In such applications* all 
tags normally remain in low-power standby mode, as 
prevkjusly discussed. When interrogation is desired, a 
interrogation "wake-up" signal is transmitted by the in- 
25 terrogator 62. In the preferred embodiment this signal is 
a VHF radio signal modulated at 62 KHz. This signal 
must be sent for a period equal to or greater than the 
micro-power scan period, or 1000 milliseconds in the 
preferred embodiment. When the wake-up signal is re- 
30 ceived by the tag 1 , the reset pin of the microcomputer 
2 is activated. The reset wakes up the microcomputer 
from its low-power state and initiates the wake-up rou- 
tine. The routine is called "Listen for Hello" 72. 

After a delay sufficient for all tags to get to state 72, 
35 a "Hello" command is sent by the interrogator. The "Hel- 
lo" is a signal that instructs all tags that have been awak- 
ened to begin their response protocol. Referring now to 
Figure 9, the preferred format of the "Hello' signal, and 
all other data exhanges. is a pulse-width modulated code 
-to which is configured with SO microsecond pulses and 40 
or 80 microsecond spaces, corresponding to a data in- 
formation bandwidth not exceeding 25 kHz. However, 
other data exchange systems could also be used in ac- 
cordance with the present invention. 
"^5 The reception of the "Hello" signal begins the 
send/acknowledge loop shown as steps 73, 74. 75 in Fig- 
ure 7. First, a delay is computed 73. This delay needs to 
be as random as possible for the collision avoidance 
technique to work efficiently. In the preferred embodi- 
50 ment. a linear recursive sequence generator 90 seeded 
by the tag identification address is used to generate 
these delays, as shown in Figure 10. 

The tag responds at this delay time with its identifi- 
cation address 74 and then waits for acknowledgement 
55 75. During this fixed listen cycle 64. the interrogator plac- 
es all of the identification codes heard during the cycle 
into a dynamic database 65. At the end of the listen cycle 
(assuming at least one 10 code was heard) it transmits 
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the list ot received ID codes back to the tags 66. \t no 
new tag signals were received 67, 63, 69 then the proc- 
ess ends. 

The tags collectively wait for acknowledgement that 
they were heard 75. If the unique ID code of a tag is prop- S 
eriy received in the interrogator acknowledge cycle 66. 
75 then this tag can return to stand by mode 76. If it is 
not acknowledged, then the tag tries again by sending 
its ID code back to the interrogator, albeit with a different 
delay period 72. 73, 74. 75. w 

Since the transmission time of the identification 
packet is small relative to the listen period {see Figure 
7). the probability ol tag responses colliding on top of one 
another is small and gets even less probable as the proc- 
ess continues. The probability of collision of each cycle is 
is determined by the duty cycle, the listen period, the 
number of tags heard and the degree of randomness of 
the transmit delay (or each transmission. 

For the preferred embodiment, a probability of colli- 
sion of one per one hundred tag units is defined. 20 

Typically, with a well balanced collision protocol, the 
collision iteration process occurs at approximately a 
square-law rale. 

The timing ol this process is demonstrated graphi- 
cally in Figure 6. The interrogator wakes-up all tags in 25 
the wake-up state 61 . begins the listen cycle 82 by send- 
ing out a 'hello' command, acknowledges tags S3 and 
repeats the process 84, 85, So until ail collisions have 
been resolved. 

The networking scheme described above can be fur- so 
ther enhanced by the use of A) targeted wake-up (a spe- 
cial hello code is sent followed by an address code] 
which wakes up only that specific tag; B) messaging (the 
tag appends a message into its address in the listen cy- 
cle] and C) reverse messaging [the interrogator adds a 55 
message to a specific tag's acknowledgement]. 

In accordance with the present invention, the colli- 
sion avoidance method could employ randomization 
based on any of several communication parameters. In 
the preferred embodiment, response delay is used. How- 
ever, the method could employ frequency, phase, ampli- 
tude or spatial variation as well. 

Therefore, an identification and tracking system 
uses two-way communications between a central inter- 
rogator and individual radio transceiver tags to identify 4S 2. 
tagged items within the reception and transmission 
range of the interrogator. 



Claims 

1 . Apparatus for identifying items through transmission 
and reception of signals comprising: 

a plurality of tag transceivers (8: 120, 130, 140), 
one for each of said items, each of said tag 
transceivers (8; 1 20, 1 30, 1 40) including signal 
receiving means (1 ; 21 . 22) and sending means 



so 3. 



(3): 

an interrogation transceiver (7) for communicat- 
ing with said tag transceivers, said interrogation 
transceiver (7) including signal sending means 
(52) and receiving means (50): 
wherein said tag transceivers and said interro- 
gation transceiver communicate with a commu- 
nication protocol, characterized in that 
said communication protocol is a batch protocol 
including a sequence, common to all tag trans- 
ceivers, having 

a listen period during which each of said plurality 
of tag transceivers can communicate a tag iden- 
tifying signal to said interrogation transceiver 
and 

an acknowledge period during which said inter- 
rogation transceiver can communicate 
acknowledge signals to said tag transceivers; 
and that 

said signal sending means (52) of said interro- 
gation transceiver are adapted for sending a 
start signal to the tag transceivers to signal the 
commencement of the listen period, said receiv- 
ing means (50) of said interrogation transceiver 
are adapted to receive tag identifying signals 
during said listen period from a subset of said 
tag transceivers, and said signal sending 
means (52) of said interrogation transceiver are 
further adapted for sending acknowledge sig- 
nals during said acknowledge period to said 
subset of said tag transceivers; and 
said signal receiving means (1; 21, 22) of said 
tag transceivers are adapted for receiving the 
start signal from the signal sending means (52) 
of said interrogation transceiver so as to Identify 
the start of the listen period, said sending means 
(3) of said lag. transceivers are adapted for 
sending a lag identifying signal during the listen 
period, and said signal receiving means (l: 21 , 
22) of said tag transceivers are adapted for 
receiving an acknowledge signal from said 
interrogation transceiver during the acknowl- 
edged period. 

Apparatus as in claim 1 . characterized in that the tag 
transceivers (8. 1 20, 1 30, 1 40) remain in a low-power 
standby mode until activated by said start signal (81 ) 
from the interrogation transceiver (7). 

Apparatus as in claims 1 or 2. characterized in that 
the tag identifying signal from each tag transceiver 
(8.120.130,140) is unique. 

Apparatus as In one of the preceding claims, char- 
acterized in that a power strobe circuit periodically 
provides a signal to a microprocessor in each tag 
transceiver to cause low-power standby operation. 
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5. Apparatus as In one of the preceding claims, char- 
acterized in that the tag transceivers (8.120.130, 
1 40) comprise means (2) for delaying the transmis- 
sion of the tag identifying signal by any remaining 
tag transceivers for a particular period of time after s 
the interrogation transceiver signals that retransmis- 
sion will be required. 

6. Apparatus as in claim 5. characterized in that the 
particular period of time is different for each remain- io 
ing tag transceiver and is determined in a pseudor- 
andom manner. 

7. Apparatus as In one of the preceding claims, further 
characterized in that the apparatus comprises is 
means for determining the location of tag transceiv- 
ers tags {8,120,130.140). 

8. f\/lethod for identifying items through transmission 
and reception of signals in a system comprising: 20 

a plurality of tag transceivers (8; 1 20, 1 30, 1 40). 
one for each of said items, 
an interrogation transceiver (7) for communicat- 
ing with said tag transceivers. 2S 
wherein said tag transceivers and said interro- 
gation transceiver communicate with a commu- 
nication protocol, characterized in that 
said communication protocol is a batch protocol 
including a sequence, having 30 
a listen period during which each of said plurality 
of tag transceivers can communicate a tag iden- 
tifying signal to said interrogation transceiver 
and having an acknowledge period during 
which said interrogation transceiver can com- 3S 
munlcate acknowledge signals to said tag trans- 
ceivers: and that 

said interrogation transceiver sends a start sig- 
nal to the tag transceivers to signal the com- 
mencement of the listen period, receives tag 40 
identifying signals during said listen period from 
a subset of said lag transceivers, and sends 
acknowledge signals during said acknowledge 
period to said subset of said lag transceivers; 
and that 45 
said tag transceivers receives the start signal 
from said Interrogation transceiver so as to iden- 
tify the start of the listen period, sends a lag 
identifying signal during the listen period, and 
receives an acknowledge signal from said inter- so 
rogation transceiver during the acknowledged 
period. 

9- The method according to claim 8, characterized in 
that the start signal and the acknowledge signals are ss 
transmitted by a central interrogation transceiver 
subsystem. 



10. The method according to claims 3 or 9. character- 
ized in that all tag transceivers within a receiving 
range of the stan signal transmit identification sig- 
nals. 

11. The method according to claims 8, 9 or 10. charac- 
terized in that the step of transmitting tag ideniifying 
signals further comprises the step of each tag trans- 
ceiver delaying the initiation of transmission of the 
tag identifying signal a particular amount of time 
after receipt of the start signal. 

1Z The method as in claim 1 1 , characterized in that the 
particular amount of time is determined in a pseu- 
dorandom manner 



Patentanspruche 

1. Vorrichtung zum Identifizieren von Objekten durch 
das Senden und Empfangen von Signalen, welche 
umfaBt: 

eine Mehrzahl von Markierungs-Sendeempfan- 

gern (8:120.130,140). einen fur jedes der 

genannten Objekte, wobei jeder Markierungs- 

Sendeempf anger (6:120.130,140) eine Signal- 

empfangseinrichtung (1:21.22) und eine Sen- 

deeinrichtung (3) enthalt, 

einen Abfrage-Sendeempfanger (7) zum Kom- 

munlzieren mit den I\/tarkierungs-Sendeemp- 

fangern, wobei der Abfrage-Sendeempfanger 

(7) eine Signalsendeeinrichtung (52) und eine 

Empfangseinrichtung (50) enthalt. 

wobei die Markierungs-Sendeempfanger und 

der Abfrage-Sendeempfanger mil einem Kom- 

munlkationsprotokoll kommunizieren, 

dadurch gekennzeiehnet. 

dal3 das Kommunikationsprotokoll ein Batch- 

protokoll ist, das eine alien Markierungs-Sende- 

empfangern gemeinsame Sequenz enthalt, 

welche 

eine Horperiode. wahrend der jeder aus der 
Mehrzahl von Markierungs-Sendeempfangern 
ein Markierungsidentifizierungssignal zu dem 
Abfrage-Sendeempfanger Obermittein kann, 
und 

eine Ruckmeldeperiode aufweist, wahrend wel- 
cher der Abfrage-Sendeempfanger Ruckmel- 
dungssignale zu den Markierungs-Sendeemp- 
fangern Obermittein kann, und 
daB die Signalsendeeinrichtung (52) des 
Abfrage-Sendeempfangers dafur eingerichtet 
ist, ein Startsignai an die Markierungs-Sende- 
empfanger zu senden, um den Beginn der Hor- 
periode anzuzeigen, die Empfangseinrichtung 
(50) des Abfrage-Sendeempfangers dafur ein- 
gerichtet ist. Markierungsidentifizierungs- 



6 



11 



BP 0 467 036 B1 



12 



signaie wahrend der Horpericxje von einer 
Untergruppe der Markierungs-Sendeempfan- 
ger zu empfangen und die Signalsendeeinrich- 
tung (52) des Abfrage-Sendeempfangers wei- 
terhin dafur eingerichtel ist, Ruckmeldungssi- s 
gnale wahrend der Ruckmeldungsperiode zu 
der Untergruppe von Markierungs-Sendeemp- i 
fangern zu senden. und 
die Signalempfangseinrichtung 0;2l,22) der 
Markierungs-Sendeempfanger dafOr eingerich- io 
tet ist. das Slartsignal von der Signalsendeein- 
rlchiung (52) des Abfrage-Sendeempfangers 
zu empfangen, urn den Beginn der Horperrode 
zu identifizleren, die Sendeeinrichiung (3) der 
Markierungs-Sendeempfanger dafur eingerich- is 
tet ist, ein Markierungsidentifizierungssignal 
wahrend der Horperiode zu senden und die 
Signalempfangseinrichtung (1;21,22) der Mar- 
kierungs-Sendeempfanger dafOr eingerichtet 
ist, ein Ruckmeldungssignal von dem Abfrage- 20 
Sendeempfanger wahrend der Riickmeldungs- 
periode zu empfangen. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daO die Markierungs-Sendeempfanger 2S 
(8,120,130,140) in einem Bereitschaftsmodus mil 
geringem Energieverbrauch bleiben, bis sie durch 
das Startsignal (81) von dem Abfrage-Sendeemp- 
fanger (7) aktiviert werden. 

30 

'3. Vorrichtung nach Anspruch i oder 2. dadurch 
gekennzeichnet, da3 das Markierungsidentifizie- 
rungsstgnal von jedem Markierungs-Sendeempfan- 
ger (8,120,130.140) individued ist. 

3S 

4. Vorrichtung nach einem der vorangehenden 
Anspruche, dadurch gekennzeichnet, da3 eine 
Stromversorgungstastung periodisch ein Signal zu 
einem Mikroprozessor in jedem Markierungs-Sen- 
deempfanger iiefert, um einen Bereitschaftsbetrieb -iO 
mit geringem Energieverbrauch zu bewirken. 

5. Vorrichtung nach einem der vorangehenden 
Anspruche, dadurch gekennzeichnet. da3 die 
Markierungs-Sendeempfanger (8, 1 20, 1 X, 140) 45 
eine Einrichtung (2) zum Verzogern der Ubertra- 
gung des Markierungsidentifizierungssignals von 
jedem verbleibenden Markierungs-Sendeempfan- 9. 
ger um eine bestimmte Zeitdauernach den Signalen 

des Abfrage-Sendeempfangers, da3 ein Rucksen- so 
den erforderiich ist. umfassen. 

6. Vorrichtung nach Anspruch 5, dadurch gekenn- 10 
zeichnet, daO die bestimmte Zeitdauer fOr jeden 
verbleibenden Markierungs-Sendeempfanger ver- ss 
schieden ist und in einer pseudozufailigen Weise 
besiimmt wird. 



Vorrichtung nach einem der vorangehenden 
Anspruche, dadurch gekennzeichnet. da3 die Vor- 
richtung eine Einrichtung zum Besiimmen des Orts 
der Markierungen der Markierungs-Sendeempfan- 
ger (8. 1 20. 1 30. 1 40) umf aOt. 

L Verfahren zum Identifizieren von Objekten durch 
Senden und Empfangen von Signalen in einem 
System, welches umfaOt: 

eine Mehrzahl von Markierungs-Sendeempfan- 
gern (8: 120, 130.140). einen lur jedes der 
genannten Objekte, einen Abfrage-Sendeemp- 
fanger (7) zum Kommunizieren mit den Markie- 
rungs-Sendeempfangem, 
und bei dem die Markierungs-Sendeempfanger 
und der Abfrage-Sendeempfanger mit einem 
KommunikationsprotokoH kommunizieren, 
dadurch gekennzeichnet. 
da8 das KommunikationsprotokoH ein Batch- 
protokoll ist. wetehes eine Sequenz enthalt. die 
eine Horperiode, wahrend der jeder aus der 
Mehrzahl von Markierungs-Sendeempfangern 
ein Markierungsidentifizierungssignal zu dem 
Abfrage-Sendeempfanger ubermittein kann, 
und eine Ruckmeldungsperiode aufweist, wah- 
rend der der Abfrage-Sendeempfanger Ruck- 
meWungssignale zu den Markieoings-Sende- 
empfangern uberminein kann, und 
daB der Abfrage-Sendeempfanger ein Startsi- 
gnal an die Markierungs-Sendeempfanger sen- 
det, um den Beginn der Horperiode anzuzeigen, 
Markierungsldentifizierungssignale wahrend 
der Horperiode von einer Untergruppe der Mar- 
kierungs-Sendeempfanger empfangt und 
Ruckmeidungssignale wahrend der Ruckmel- 
dungsperiode an die Untergruppe der Markie- 
rungs-Sendeempfanger sendet und 
daQ die Markierungs-Sendeempfanger das 
Startsignal von dem Abfrage-Sendeempfanger 
empfangen, so daB sie den Beginn jeder Hor- 
periode identifizieren. ein Markierungsidentifl- 
zierungssignal wahrend der Horperiode senden 
und ein Ruckmeldungssignal von dem Abfrage- 
Sendeempfanger wahrend der Ruckmeldungs- 
periode empfangen. 

Verfahren nach Anspruch a, dadurch gekenn- 
zeichnet, daB das Startsignal und die Ruckmei- 
dungssignale durch ein zentrales Abfrage-Sende- 
empfanger-Untersystem gesendet werden. 

Verfahren nach Anspmch 8 Oder 9. dadurch 
gekennzeichnet, daB alle Markierungs-Sende- 
empfanger in einem Empfangsbereich des Startsi- 
gnals Identifizierungssignale senden. 



11. Verfahren nach Anspruch 6. 9 Oder 10, dadurch 
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gekennzeichnet, daQ der Schritt des Sendens von 
Markierungsidentifizierungssignalen weiterhin den 
Schfin umfaDt. daB jeder Markierungs-Sendeemp- 
fanger den Beginn des Sendens des Markierungsi- 
dentifizierungssignals urn eine bestimmte Zeitdauer s 
nach dem Empfang des Startsignals verzogert. 

12. Vertahren nach Anspruch n, dadurch gekenn- 
zeichnet, daG die bestimmte Zeitdauer in einer 
pseudozufaliigen Weise bestimmt wird. io 



Revendlcations 

1. Appareil pour identifier des elements par emissk>n iS 
et reception de signaux comprenant : 

une pluralite d'Smetteurs-recepteurs d*etquet- 
tes (8 : 120. 130. 140), un pour chacun des ele- 
ments, chaque emetteur-recepteur d'etiquette 20 
(8; 120, 130. 140) comprenant un moyen de 
reception de signal (1 ; 21. 22) et un moyen 2. 
d'dmission de signal (3) ; 
un emetteur-recepteur d'inlerrogation (7) pour 
communiquer avec tes dmetteurs-recepteurs 2S 
d'etiquettes, Temetteur-r^cepteur d'interroga- 
tton (7) incluant un moyen d'6mission de signal 
(52) et un moyen de reception de signal (50) : 
dans lequel las emetteurs-recepteurs d'6tiquel- 3. 
tes et I'emetteur-recepteur d'interrogation com- 30 
muniquent par un protocole de communication : 
caracterise en ce que : 

le protocole de communication est un protocole 
par lot incluant une sequence commune a tous 4. 
tes emetieurs-recepteurs d'etiquettes, compor- 3S 
tant : 

une periode d'ecoute pendant laquelle chaque 
6metteur-r6cepteur d'etiquette peut transmettre 
un signal d'identification d'etiquette d I'emet- 40 
teur-recepieur d'interrogation. et 5. 
une periode d'accuse-reception pendant la- 
quelle I'emetteur-recepteur d'jnterrogation peut 
transmettre des signaux d'accuse-r6ception 
aux ^metteurs-rdcepteur d'dtiquettes ; et en ce 
que : 

le moyen d'emission de signal (52) de I'emet- 
teur-recepteur ^Interrogation est adapie d 
envoyer un signal d'Initiafisatlon aux emet- so 6. 
teurs-recepteurs d'etiquettes pour indiquer le 
debut d'une periode d'ecoute, !e moyen de 
reception (50) de I'emetteur-recepteur d'interro- 
gation esl adapts k recevoir des signaux d'iden- 
tification d'etiquettes pendant la periode ss 7. 
d'6coute a partir d'un sous-ensemble des emet- 
teurs-recepteurs d'etiquettes, et le moyen 
d'emission de signal (52) de I'emetteur-recep- 



teur d'interrogation est en outre adapte d 
envoyer des signaux d'accuse-reception pen- 
dant ladite periode d'accuse-reception vers le 
sous-ensemble d'emetteurs-recepteurs d'eti- 
quettes : et 

les moyens de reception de signal (1 : 21, 22) 
des emetteurs-recepteurs d'etiquettes sont 
adaptes a recevoir le signal d'initialisation a par- 
tir du moyen d'emission de signal (52) de remel- 
teur-recepteur d'interrogation de la^on k identi- 
fier le debut de la periode d'ecoute, les moyens 
d'emission (3) des emetteurs-recepteurs d'eti- 
quettes sont adaptes k envoyer un signal 
d'identification d'etk^uene pendant ia periode 
d'ecoute et tes moyens de reception de signal 
(1 : 21, 22) des emetteurs-recepteurs d'etiquet- 
tes sont adaptes k recevoir un signal 
d'accuse-reception en provenance de I'emet- 
teur-recepteur d'interrogation pendant la 
p6rk)de d'accuse-reception. 

Appareil selon ia revendication 1. caracterise en ce 
que les emetteurs-recepteurs d'etiquettes (8, 120, 
IX, 140) restent dans un mode de veille k faible 
consommation jusqu'd ce qu'ils soient actives par le 
signal d'initialisation (81) en provenance de i'emet- 
teur-recepteur d'interrogatfon (7). 

Appareil selon la revendication 1 ou 2. caracterise 
en ce que le signal d'identification d'etiquette en pro- 
venance de chaque emetteur-recepteur d'etiquette 
(8, 120, 130. 140) est specif ique. 

Appareil selon I'une des revendicatbns prec6den- 
tes. caracterise en ce qu'un circuit de sonde de puis- 
sance foumit perkxJiquement un signal a un micro- 
processeur dans chaque emetteur-recepteur d'eti- 
quette pour provoquer une operation de veille k fai- 
ble puissance. 

Appareil selon I'une des revendicatkws preceden- 
tes, caracterise en ce que les emetteurs-recepteurs 
d'etiquettes (8, 120. 130. 140) comprennent des 
moyens (2) pour retarder remission du signal d'iden- 
tification d'etiquette par tout emetteur-recepteur 
d'etiquette restant pendant une duree particuli^re 
apres les signaux d'6metteur-recepteur d'interroga- 
tfon que requerra la retransmission. 

Appareil sefon la revendication 5, caracterise en ce 
que la duree partrculiere est diff erente pour chaque 
emetteur-recepteur d'etiquette restant et est deter- 
minee de fa^on pseudo-aieatoire. 

Appareil selon I'une des revendlcations preceden- 
tes. caracterise en outre en ce qu'il comprend des 
moyens pour determiner I'emplacement des etiquet- 
tes des emetteurs-recepteurs d'etiquettes (8, 120. 
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130. 140). 

8. Precede pour identifier des elements par emission 
et reception de signaux dans un systeme 
comprenant : 

une pluralite d'emetteufs-recepieurs d'etiquet- 
tes (6 : 120, 130. 140). un pourchacun des ele- 
ments. 

un emetteur-recepieur d'lnterrogaiion (7) pour 
communiquer avec les ^metteurs-recepteurs 
d'^tiquettes, 

dans leque! les emetteurs-recepteurs d'etiquel- 
tes et femetteur-recepteur d'interrogatton com- 
muniquent selon un protocole de communica- 
tion. 

caractdrise en ce que 

la protocole de communcatlon est un protocole 
par lot incluant une sequence comportant : 

une periode d'ecoute pendant laquelle chaque 
emetteur-recepteur d'etiquette peut transmettre 
un signal d'identification d'etiquette a I'emet- 
teur-recepteur d'interrogation. et 
une pdriode d'accuse-receplbn pendant la- 
quelle r6metteur-recepteur d'interrogation peut 
transmettre des signaux d'accuse-reception 
aux emetteurs-recepteurs d'etiquettes ; et en 
ce que ; 

rSmetteur-recepteur d'interrogation envoie un 
signal d'initiadsation aux dmetteurs-rdcepteurs 
d'etiquettes pour signaler le dSbut de la pdrlode 
d'6coute, regoit les signaux d'identification d'etl- 
quenes pendant la periode d'ecoute a partir d'un 
sous-ensemble d'dmetteurs-rdcepteurs d'eti- 
quettes et envoie des signaux d'accusd-recep- 
tion pendant la periode d'accuse-reception au 
sous-ensemble d'emetteurs-recepteurs 
d'etiquettes ; et en ce que 
les emetteurs-recepteurs d'etiquettes resolvent 
le signal d'initialisation en provenance de 
remeiteur-recepteur d'interrogaiions de fa?on d 
identifier ie debut de la periode d'ecoute, 
envoient un signal d'identification d'etiquette 
pendant la periode d'ecoute, et re^oivenl un 
signal d'accuse-reception en provenance de 
remetteur-recepteur d'interrogation pendant la 
periode d'accuse-reception. 

9. Precede selon la revendlcation 8, caracterise en ce 
que le signal d'initialisation et les signaux 
d'accuse-reception sont emis par un sous-systeme 
central d'emetteur-recepteur d'interrogation. 

10. Precede selon la revendication 8 ou 9. caracterise 
en ce que tous les emetteurs-recepteurs d'etiquet- 
tes dans une plage de reception du signal de debut 



emettent des signaux d'identification. 

11. Precede seton la revendication 8, 9 ou 10, caracte- 
rise en ce que I'etape d'emission de signaux d'iden- 
tification d'etiquettes comprend en outre I'etape 
selon laquelle chaque emetteur-recepteur d'eti- 
quette retarde I' initialisation de remission du signal 
d'identification d'etiquettes d'une duree particuliere 
apres reception du signal d'initialisation. 

1 2. Precede selon la revendication 1 1 , caracterise en ce 
que la duree particuliere est determinee de fa^n 
pseudo-aieatoire. 
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